New effective technologies and materials that have the potential to reduce energy demand with excellent energy efficiency and low environmental impact are urgently required in the Gulf Region. Dynamic insulation, which functions by recycling fabric heat loss back to the building, has been established theoretically and proven in pilot projects. It sets the green, low carbon benchmark for thermal insulation in buildings. This paper presents details of the Eco-Villa, its construction, how the performance of the villa was monitored, and the findings from the initial monitoring phase and the dynamic simulation model (DSM). The villa was tested in two modes, bypass (static) and dynamic. The static U value of the external envelop wall was estimated at 0. . The reduction in the fabric conduction gain was found to be 41% whereas the estimate from the DSM was 38%. The results demonstrate the fabric energy efficiency improvements that can be achieved through the use of dynamic insulation.
Introduction
Rising standards in the face of increasing pollution levels mean that higher volumes of clean, fresh air are needed in order to improve indoor air quality (IAQ). This gives the heating, ventilation and air conditioning (HVAC) engineer a higher thermal load to remove from the building and raises maintenance issues. This is especially true in very hot, humid climates such as in the Gulf Region, where outdoor air has to be conditioned to the desired comfort humidity and temperature before it can be supplied to indoor spaces. Air conditioning at high ventilation rate requires additional equipment and energy to be used. The cooling process also very often requires some post-heating of the tempered air before it is supplied to indoor spaces.
The current rate of energy consumption for air conditioning and the high capital investment that is required are not sustainable. Neither is a building design methodology that relies on reduction of fresh ventilation air to reduce cooling energy at the expense of compromised IAQ. In essence, introduction of fresh ventilation air into buildings affects both energy consumption and indoor air quality. When space conditioning is necessary, the energy required to maintain comfortable conditions and acceptable IAQ increases with the rate of ventilation.
A building that uses an air permeable, insulated external envelope can significantly reduce energy use for both cooling and heating while at the same time allowing higher than normal volumes of clean, optionally filtered ventilation air to be introduced to the building at all times (Elsarrag and Imbabi 2009; Elsarrag et al. 2006 ).
This approach is at odds with systematic reductions in infiltration and ventilation rates to reduce energy consumption that in recent years have led to the development of the air BUILD SIMUL (2012) 5: 127 -134 DOI 10.1007/s12273-012-0067-6 , where there is acknowledgement of ventilation rates in modern buildings to deliver to occupants the benefits of healthy indoor environment. The aim of this paper is to report the energy efficiency that was achieved through use of dynamic insulation in the Eco-Villa pilot project. The focus of the paper is thus fabric energy efficiency attributed to dynamic insulation. The paper summarises the monitoring results over a period of 8 weeks, between January 2010 and March 2010.
Overview of dynamic insulation
Research on dynamic insulation goes back to 1978, attributed to a prototype experimental building completed in France (Anon 1984). This was followed by a second prototype-with improved design and more extensive instrumentation-built in 1981 and commissioned in late 1982 (Claridge 1991). Several definitions of dynamic insulation can be found in the literature; simply stated it is a means of reducing building heat loss without the use of massive thermal insulation. It is achieved by recycling the heat conducted through the fabric or reducing the temperature gradient across the wall section by means of a suitable heat transport fluid-usually air.
Using a proportion of the building envelope as the ventilation source means that the flow velocity through the intervening media required to deliver the number of fresh air changes per hour is very low. As a result, it has been shown that both efficient conduction heat recovery and filtration of the incoming air can take place as a function of air change rate (Taylor and Imbabi 2000)-i.e., the more ventilation air is drawn in, the higher the heat recovery.
A formal classification of generic dynamic insulation system has been reported in the literature by Arquis and Langlais (1986) and the three types which can be associated with building applications are permeodynamic, parietodynamic and thermodynamic insulation. They reported a theoretical model and an efficiency parameter for evaluation of dynamic insulation systems as compared to conventional insulation. In the case of permeodynamic insulation, they describe airflow in a direction opposite to the conduction heat flow through a permeable porous medium, generally mineral fibre which acts as a heat exchanger-i.e., the airflow changes the local temperature within the porous medium. The slope of the temperature profile at the cold side is lower and consequently heat losses are reduced. For parietodynamic insulation, the fresh air supplied to the building circulates through an air gap along the wall which is preheated before it enters the building. The principle of thermodynamic insulation is similar to permeodynamic, counter-flow configuration, but the air circulates in a closed circuit independent of the ventilation system. A heat exchanger is required to recover what is gained by the air as it flows through the porous medium.
Bailly (1987) presented a comprehensive and informative review of dynamic insulation in general, where such systems were compared to the operation of an air-to-air heat exchanger. Transient models and experiments were used to evaluate the performance of dynamic insulation systems during the heating season and energy savings of the order of 7% to 14% were reported.
Models for heat and mass transfer in dynamic insulation were established in the mid-90s (Taylor et al, 1996; Taylor and Imbabi 1997, 2000) . Elsarrag et al. (2006) reported the results from the first field trial of the dynamic insulation in Abu Dhabi. Elsarrag and Imbabi (2009) investigated the use of dynamic insulation in a building facade for zone local insulation and ventilation. The savings in energy and CO 2 reduction were quantified against existing standards in the Gulf Region. They showed that dynamic insulation can pro-
